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fasllo) 

3 cffa cfcf? ch'lqH^ ^ te^ 3fte^t 3 tecT teT Wf 

^TPT % ^ ^cbf^cb TfcT 3 teFT tepj, ?TT I teT WT ^ffacft M 

Wte eTTCT 'ti^llfcHcT XJcP ifryft *1MH ^ef t ^ft Wft^TR^t % 
WIM cR 3P^RR 3RcTT t 1 ^eT cR teRT-^#T t 'PSTR h4W- 

3IHL| | Rd ?f afR W teTf^ftt cf^t j?Hd' sfcFT TffcFT 

( vMtffi T *pd ^cft ten) cfft ^ % fcR cRlR ^RcTT 1 1 

3jted ff ^ T5& <f> teTf t, afR n? tete n4aHicn *R 
^ tjvr% cfi^ fiRpt! % w n^Rnjof J i fete 3 f^m 1 1 w 
*T ^ ^nfcPT 3Tcft nsft R|51M Mf-fcl RI 51 M cRTT 4)clM ^fa- 
TR^R 3TRf$RT tfo f I ‘RpT % <T^ 3TRPTRT % nM ^ t 3fR 3PP* 
qRcjK 3 3f l Mr| | R ^ ten ^ Wf n^cft ^ tl ^Ptf ^ 3lRjcf>j^| 
Hj^ncTT vjpRTTfcf 'd*j^|*l % 1? I 'tc£d cf>T *1161 cl ®l Wt afR RrSPPt ^ 41 "d 

g^cT W cR t, 3fR iTcqt cR ^iNl^l ^ 3TRRT 3PPT?n *RT 

fteT t (vH<Pt ^ ‘mcft’ npft npft/npft cfj^R 'dWlRlcf cfR^ f) I 3 
wr tei nnn Rpr % crccfr % ^tm fn anr^ ^ sr^nn ^nsn 
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ajJfJWt # cjxTFtf: WWt fc1{’ W V/tt) 


# TTW fc)5lM 



fan- tom mm *£cf 


PRPT nTFm | frfto P**fi nan toPT % to to MPfcm 3TPT 
2tK u ll3Tt PR ^ifcMK pr^I % fctR PPHijR to>PI I 

tolfapto cPT R0 felTsSf 

mtototo *pto to to^toftoton to) Ri 0) to tot tom pr Rto pm ftoitot 

% RiP to eFRTT an far toft P^ cmtol-£0tol to Ft R^t 2ft | Fto 
fafP pm ^t tofaRnR to Pi|n RTlto 1# $ 0 Ccil PR tot to 2 ft, 3fk 
(to^r toft % m<jii 0 Rt to wr ciiei^d tot R'ito wt art, to 
fr> to Rt PRtm tot 3TPPT RRTR cf5t pm PR RFT iff 1 fp famfatot 
to toft tot aft to t|p tot mto Rrmto pto tor Rrmto 3to nn mppp 

citiqcR mpto rrft RTP>to 1 Fto tor mpm an to wp % nTto top np 
n PRn mmTR to> PFre to? ftoRPR PR Pn ^to to? PTP tot Fto RtPP? 
etto CRT PT \3*to $ldP? to PP totPP ftoPTl to 5 PmPPPTt pto 

utomR, to toto to totorgto ptom % top stprtr tot fanm m mr 
fp totot pftotom pr ppp pr Rto totto sf i 

to ^pmtonton w/vrRf (ptomn ^ facto pto mp sftR nnto? pr to 
to mrmjtom pfeto) % sntoton to to Rrton Rrn to ^>$i irsn an, 

3 ftR 31 ] (tol Tto toft PR to to RTTPltom nan PPfpRR RPPtot 3 RPTP 

to pmtotn pfton to Rrto RnP to to ton top to tot ptom tot 


RPP 3TPto 3 tM to to ^pp at! 1 FRf 3T^PP nap 3TPto tom RTR-ann 

to rtrt, tor totoT to to rtfrtrp tom toto to nfan an i 

3Prtopn to pnmptonR araron to to to - ftorto steppp tot pfp nan 
top<n PTnnnto, pft pto ctotom mpRan, ppt-ptpt pmto p P^n 

to nTPmtot pr fto-3nmtot toto tort pr pntn PRto fp ^4pnto> 
ntPPnto PRto to arjpp mto to - to^ ton tot Pntot rt^f pmml 
totnpnto totor pto Rftmto tot n# pftotoftot to ^mto pp nnpm 
^ftotm ppm mRefT to l pf 3nppto cptpp to PRm PRto pp, smto 

3TFnn pp RTTnm PRto to RTFimn tornto pp, mpRmtot tot Tjftofr tot 
^eRnto pp, prtot-pnft nto nRPtoto ftoPPdto pp 3ftR pstot PPtot pto PRto 

to ftotot mRT ntoto Pto ^jto nRF rtft toto pp 3ncnftoRT tom to 1 ^rftor 
Rftmm RFm to to M mpnTRRTtor to ftonto pp wftn prpt RFnr 
to 1 3mm: pf 'jto 3totom 3nwt prjr to4 tot torn to mtot to I 

3mto tor ppm Pto RRmr PR^fto p pppem to ptp toto Rp) toto ftom 
pr pp 4 PRto pp ftoton ftom ftorto gto to rrri to torn pr r^t 
an - nn PPRPto Pto PFnm prpt tot tottot pto smto 3nnnn to, ftoton 
nm to ftown to, ftoto 3rm ?ftR pr pmR to ftorfpnm (impersonal) 
ftom pto crf tomi mm to, sraf ^sto to ppp PRto to I Rnat tot, fton 
nRF to tem Pto tokm to ftornim mm to mnto to to PRto Pto 

RR^fto to> ntopto m Rtmton PRm mFm mi 

toto Rnmp> rpr to> ftoiftotot pto ptrr wt an toftom ^to pmt tor Rnn 
ppp PRto pp ptoto 3Fprp ntof an l ftosn pmr to to 3nn to prf nid % 
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3/^'W & frfFxf: WWt fcF? TOR V/'fJ 


ftft R^ftf cf?T fftSTTO? TOT fft# RRT ^ef ft Rqft TO RTTeT #t 

RR ft | ^ftf 3TfftTO#RT TO# R?lft TO TO?R# ft TO## ft?T#R R#f TOT - 
viftlft g?rft RRR % ft TO#R TOT, TO TOTT TOT, ft# RT?TT-fftRT TOT R?ft 
ft I 3#R fft?, Rdftft 3TRft TOT# ft ^ #R RTF# TOT# TORT# - RR? TO 
RRFTO TOT, RRTO?T RTTOft 3T^5T RtRR TO#R TOT 3#R RR#? f#??T# RT#-TOf#R 
af I ftft Weft TO?$TT ft, RRT TOT #? TO TOT ft? TOT ft RTO?TOR 3FTTTOTRT 
#t ft feTR RTO? RFJ? TOft TO?T fftfa fcT?7T I RF#f# ^5t 3TR# #TO 
TO?T W^T TOlft TO# fftftTOTft 3TR# TOR ft fttl TOft? fttefft ft RT 
ftft rr RR cpi TO## 3TFTTRT R#f TOT I RfTO ftt TO# TOT ft? feTR TO## RtRTO? 
RT MlftPlcp TOT fftelcft eft ft eJ'J'ei Rft TOlft ft I TO#tft R?d 1# ftRT 
TOT 3F#RT 3TTO RRsT f#RT I 

ft 3T^ft vTR>3TTeT 


ftft ETOpT ft RJR3TTR TOft TO fftfa feTRT TOR##? ETOfft TO? ftff f#RR # 
fftftf TO# 3TTRF# ft R£? TOT?ft # 3#R TO? TOfft? fftsTTR ft? RTRR?T?R 
ft? PlTO##R PTRR-WRt TO# ft ftf TOT I ftft TO# RRftf#3TR?#, 



?77?W ?Mw), TOTOcZT #? #1 
TO# R# fft^TFT TO# * I Prfftfft 


(TO7c7 falPlcfr ) #? TOT# ft TO srefftTO RRTT ft? TOft ft? TOT# ft TORT I R#- 
R# Plcb l dTOW TO TOft-TOft TO fttftt ft fftft fftRTft eft 3TR# 

eTftft? ft TOTftftT TOft fTR, TOft Eerfft ft ^FTOpftR 3lftTO? 3TTOTORTOT3ft TO# 


TJlftft eft | 


TOft ^fTOeT R^eT ft? TOTRTTORR TO# ETOpR# TO 3TTO?#TO?R 3#R fftfaTO 

tort ft eft - tot^r rw# ft *jr# to TOft TOR# fftro rftof#, TOft? 

ftft eft |r fftTOeTT 3#R fftR RTO? eft# rmRn #RR f#?RT I <p? TOftt 
ft 31 cleft TO T TO R? 3TRRT 3TR# ^R TO ft ftftTO 3#R dftlft ft#eT 


feR^eT Rfft- HMto ftRR fft?TT I W? 3TO TOcT ft? TO?ft?T ft 3TOft 

ft “R«T TOT ft TOTOTO #ftT #, TO ^ ^ ^ wft 

3TOTvT” TO? ft TOffteF fftTO I 


spft fftr, TOft ftftro ft? TOft eTTftt ftft TO TOft^ef? ft ftfcRT 
ftlTOR TOTTft TOft TO ftTR fftT I W TOftf ft TO^ ftTO ^5 ftft 3ft 
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wmf $> WSJ ffiww 


ftft TOTO? TOR fft 3ft TOT TO? IpTTOft ftft TOT# TOft TO TOR I TO 
TOT fftTR TOT? ^t|to ^ft? fft? TO Ecftr ft? ftft ft# ftft ftvT #ftft # ft 
TOTOT TOTcft #, fftr TO# W TORT TOTT #T TO TOTRT, fftR TOT cTR, TOR 
TOT Wed I, TOft TO TOFTvT ft TOTT# ft ftft I TO# ftsTT fft? fft?TO cR? 
TOT? eildd ft STeFT-STeFT TO# TOT? Hlft TOft ft? TOTO fttcTeT ft? ft TO ft 
ftrft TO fftTOdft TOcft 3T|ciM TOT TOR-TOR (TOTTOT TOft TO Mddl #PTT 
ft TOTOT# 3rftrT ft fTO #) TOTeRTT # I TOT? TOR, TOT# TOR-TOR ft? 
TOft ft TOR TOft ft? feR RTO ftfftt TOT sjftHId TOft ^ RTOft 3TeFT- 
3TcFT TOR fftTOTft I TOft ft TO|R RvTT 3TTTO 3fR Rftft RR-TOR J JR1 ifftTO 
TOft? TO^T TOlft ft RTO TO^ft TORT# % feR TOR^R fft?TO I TO? 
R?TORT ^3TT fft? ft ftft ?R TOft ft WTO 3TT TOT?# ftt ft RR eTRTTOR 
Wft? ftft TO? TOT# ft I 


fftr 1: RTcft TORT 



dlcicD TO cl I 


3FTc# R?aTT ft ft RF# ft ft RTO RTcft ftTOR 3TTTOT, TO? RTWTTft ft? fft 
fft? fft RR? RF# ft eft ft?eT?# f# TOTRT TOR?# R?#R #l?ft #* RR# RR? 
fft# TOR^ ft Pi TO eft TOlft ?TRRR ?TOT ft ftlft ^R TONI TO?Rcf # 3#R ?ft 

eroPr ^RT# ft?# #1 

RRT fft. RTO? TO# ftRF# TOTefftt ft ft RF# TO# RTR? RR TO? R#f ftt 3#R 
RRTTOT Rfcffft’TO TO?ft TO# WR RR R^? R?T TOT I TOIde# TO# fft 1 # ?eTOI-RTT 


*3T^TR # RT*# # TOcf^ -sldR RR ft# tiled eft ^eR# Rft # I RTO wIcl-RTT eTTOft 
■RT TOTRvT TOT TOTO^T RT*ft R# ^TTO? RR RSf %, fft TORT# eft #TOT TOR%, 3TTR TO? fts 
RTTO# f I 
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3 ^ffPxf: Wccft fcP? WY YR& 


WWt $> WR R&H 



to 2 : FF% fl^ 

wM>) ft? viRk' >Hc16 Fft 

^FcFTFto cT^rnt ft? fff 

ftoftftft toFl 


F<+cR ftft ft FT ftft J ftcl FRI ft ^<{) % vjflft dT<hft FF ft UcT R £)dto 
to to to ft FfTcT FTdFftF 3ftF Ffft?cT F?Fft FTcft FR'FFR to Ft Fftt 
affl toto ft? wilf^ld 3ftR WFT to toftt ft to F Reft ^ tot Fft 
d6^ FTTcT FTFT? ftol4 ftcfl aft 3jftF vJ«lcf>l ft^IFR fcJ'HF ft Fto Fft 
RbdF>|Rft| P|<hd Fift aft I FFT FFccRftt cRF F?T 3iqdlcM F?Fft T^F 3ffF 
Wt FRIgft ^ FRt Wl fftcTTFT 3ftF ftft cRF R fttF ftft 
F?T RTRT fft?FT fft? FF toftf F?t ft?sr F# ft (fto 1 ) I 


FRt FF? d^Aft W& ft? F?tot F?t ^Tf 3ftF 3FpTF ton, 3ftF FFrft? 
T'hd FFF c)lcl ^pPT eRt HJH ft >y*i<rt !>F H^| | FF Fpft Ftot % #F 
^-$1 dWRl^ RdefHl F*T FT? 3ftF FF <^1 4 tot fftxfl (to eRT F?FT % 
FTFT RTF Rfft R FFFJFT Ft% FTeft ^cJiJcO ^T WT ^T ^TTFcfT an I 
'itoft FFTft fftftof ftlyll — ftft fft? FF? cdlRticf) Fft ftftt, fftfft?F F?T 
f^FT, RTRRcT ft? ?to F?T ^T, ftfftcT FTFFT, F?F% $c*||R - F?t WF 3 ftF 
Rift? F?TFR deftRd F?tof ft to to FTeft to Fft FJFT I FF? to ft 
tofftd F?*tot cR RT 3TF?R Fto fft?FT: “RR F^T d^/ W& eRt ^ 
f , eft cR3RT F^ FT2jf $ 3^T cR? # |” 


#ETT f^ FF d^A)W mfc cRT ■qpft ^ RF^ ^FT FR^ ^ 
^f> eft F^RT FFT ^ ?FRT F>t eRFT % feRTR F^t TTWt ^ 3TRTPft F^tl 
^T vi'Tl slldcfl ^f Fpft F^t R7TF Fvf^tF> ^ T RTT 3it^ FF^ fc^ 

vi'fleb eRRT Pt f*td cPRt FcR^l % FFeT FvT^tF^ aff I R?T ’R PT^f^cT 


Mlc i R pF % FRR F^ ^ FHT 3TRTPT an, XR f^ ^ FF WFT W 
Fff an ^ 3T^5TT F^t aft | FTRTF ft, f^RT cRF d^ft W& Flftt 

viW7 7^1 aft eTeft ^RTft 3ftftF^ 3TTFjfftcT ft I 

FF? 12 RTeT % Feft ft, t^RfFF FTF 3RRFT 3<*><^i an, d^ft ft 
ftt ftR FR FTFft F^aTTftFftFFfftcFTFft, FF W& ft FTftt WTlft 
ft cRjT ^FT I cRRFT 3Tfft ‘F^ft FTF 3RRFT ft ^F?RFR F>FT, “3RRT, 
ft 31 IM eft FF fftWTT FTFFT I” FF FTeTft ft? FFeT ft ftdT ajT 3jft FFft? 
FTft 3TR Fpft feRRT ^3TT an I vRlft ^RR Fft FF? Ffttft ft d^F W& 
TR ftR Fft 3ft? \RTFft FTftl ft ^fttft Fft WT, lift F?t vRT^ FFR 
ftfteTT! fftR ftft ftt ft?FT ?RT 'R ft FFftF Fftf FR FT TFT an | 3TF FF> 
m4> F?T F?^RT 3TTft TFT FF Ffftt R 3RFRT dfcd TRftcT ftft FTeft 

7RFFTF fft^ ftft "7ft I 

3RPFT d^Aft wr& R fftft Flft Fft FeTF R FFcFTF?^ dftft F?T ft^ 
FFT an 1 d^Aft W& ft ft ft F% F?^RT FF cl 'dll eft FTFTfcTcT F?Fft 1 1 
ftn FTdF nfft R eft n4 FF? Fftft ft FTcTF Fft FF ^JFcFTFTft’T Fftft Fft 
TTF?d fft?FT (to 2) 1 

FF FTTeT, 3TftFft fftRTaft Rft ft 3Ttto? FFT ft Fft f4 FF? Feft ft? ^F 
R F?«TF F?Fcft f4 Fch d ^ Aft FF?% 3T^F?«TF (resonance) ^Idft 

F?T RTtF F?Fft 1 1 ftfft?F 3T^F? K TF Fft fttR ft? 300 Fft FTF FF?, FFT 
fft?ftt ft ftt d^Aft Fft FTcTF R Flftt ?3%cTft ft? fttft-FTFcT efftft? ft? 

mft ft Fftt Fto an? ft to tontof ft ff srftsn Fftf tot t? 

FFT FF tZffft F?t ft^ST FTF>ft 

f 


f?ftt ft to ft toft fF tor FFT an fft? fft 
T ftt FTF?ft f, R FFT F?Tf ftFT cfftF?T t fft? F 
3n to F?Fft F?T 'id Fid 3TTFT ftt FRf ^?Tf F 
Fft to FF ft F? I RT F?Fftt F# d qR'l W& 


dyPfJI ft? F?^RT FTTFF Fdft vFTFT F?FvftF ft fft? ft F?t4 FFtfttF 
RTTF Fftt to FR Ffft? I Fft ^F ft fftdR ft? cR Fft T^ft F?T FTFTcT tot 
3TTFT fftRTcR PPTTF Ft FTF?FT ft fft? ft^ff ?FT FTF?cn I fftR 3TFTFTFT ftt FRF 
FTTR ft? toftft?FT Fft FF? 3TF^cT FTeT RJFtt (?3FTF?T ^ftF?T 5Rf!) 3fR FFTft 
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3J^mt ft c/ni*n: wwt ft f&v W W'fr? 



to 3: fato tot 3TTcto ffttot 1 1 


ftleeflcfR WT, “3TOI, MldR 1 . WR!” ?nft te^T R3R Wn 

to to 7 m \ 3 to to ^7 tom r tomrl to tot m^nn mto 
dZf/3# 9 ## ft to W 3 TT, ftfftn tom Wg?T an to $tot| ^ 
nft f an i fto to 7 m tocr to eft to rt r tonR to 
ft ton i wr mn ft ?n to ft d^to ^ ftt R nR 

HIvJR 3Rft RR ft tornnTT SR I ePTTdR to tot R, Hlvi^'i ft 

to ftt r tot to to toft ft ?to 7 m tom torn 
fftfftn wr eft, to wr^ nft ft wr cpR ft to mto w fft r 7m 

ftoft toft ftoftt aft i 

n? m//R# ftRmrft - ftoft rt tor ton tor ft RTftftn to ft 
eRmn tot tot tosntot tot toft (standing waves) ft RR 
(antinode) ftr 3RRT-3TRn 3ntot ftt toft ftt fftftr mT totem mto 

tor mto at - ft tom nto mi 3rmm tom am wrc ft tot 7 m 

tot ftt tot (tor ft torn) r wr rtt to to nmftt ftreeft 

ft to to mtot ft m i vd <r ftt toft mt to - f7 to (to 3) I m 

nTcftft ftt toeft ftftt ftoft t! 

^wft eTK to to tri to mr ft toto ftt tjst mt nwft 
*|7 tw> mmr mftt tp? d^A j i ft# r fttft ftemn ttrr ^idi I 
mrr toft ft ^cbddi ftt mm ft RaR-ft fft tormm 
ftt wr to ’R^ftto^r^RiRft m^nr tototn t fft 
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W5cjf $7 WSJ fcJWM 


Hi$cim toft ft to ton ftr cw^mft/to/ mrmR m ntoi mto f7 
1 830 ft nmm ft ton an to n? tonm tor m tom ftt ft 1 to ftto 
ft ^ wmpi tow 3/ft /ft/ftwft ton 7 mT R to fn nto ft «i§ci 
fftsmm ft: “£fo7, ft # tft Forft ftft ft #, WW FW # Mlftd 
ftr# # v# w ft mw7 fto ft to - r^w ft wto ft / I to ft 
Pidf ef ww $ wm to # ^7c7 ft to- to (7m wwm7 to o?vv 

ito # ^7 ^d" W7c# ft/ ^w (77F, # t to ffw mt to 

ft m7w ft to- to cTm ft W7m7 w ft# ft/” 



mrt ^ nmi to to rt c%R*i 
cR ^t MidR ftt ton ' 
toft r ^nR ftt to ftortot ' 

RRR?TR^ to toWT 


toft ftt ato-mr (to-to fttto r) 
j^mTetoT ft to ei i ^ to-to d^/ft/ 

to t (fto 4)! 


tjcr wr, rw 7m TRfRw mrntt> 
Rftr wrn to ft 7ft at ^ gmrm 
ft ^5 fton ft msr ft an7 to 
to^mR ftft to ^ rt torn ftt 


n ftt ftmton nw nftt aft, ?ft ftt wto 
Tern ft 3TW WRT fftn 7# ft I RTft 
ftnifto nm ft nm tonrw ft 
mto ftt fttfto mwrr mto ft I 



Ml'd'S't ft ftft ftt nfci 


r> ntoftr rrt r ft tot t to c%Pf*i toft r ^ 7 m fton, 
uft toft ft wrftt toft ftt (j eni ft (m?nft WRtoncr to ft) srfftm ft 
to wmn t, ftt 7m rwr ammT ftt ftoto mm t, to 7m to r 

xtrr ftt wto mn fto to r nmR ftt Tto r 3tr nto TTWertoT 
ffttfto wtoftr ft 3RR ft tom t (fto 4) i 


c£ftft to, d^/ftr toft ftt wtot > 
streaming) ftt tor ftt R3R ftt ^ 

Timm % fft ton r nto nrft 

vWIcJT totolTeft RTR RTeftt ft, m 


f fttmftt R rt ftt ton wmftr (acoustic 
toft ftt to ft 7R 4 w ftft t, r ft 
ft R3R ft wr ft tor mn ftt ^epn A mft 
wftfft simic) mr fttn 4^n mn ftm ^ I 
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3fjmf # frfFU: wwf fcTV W Fdt 


Wczft $> W^t fct&H 



tod 4: m£ ft to to ^fr 


«rto Fft tonr 4 Ftot, toRto, fft todT Rvjiefl ff ftf, fff> 

tod dto to dTT et dTF | % ZR ^RTt^T Fdto todT FTF^ $*t fto FFFtoT 
tot dTFFF Ftot to gdFT 3 Site ftojd ^FldR? todT 1 1 FF dtFct 
7# fto Ftot 4 totF^td Fd WT Fd4 to feTF FFT FFtFT dTF I fad 34 
4F7 RdM) to TftFT ftoFT tor dfa to cTTTf to dF FT d4d f^FT I 
Ml 41 4 TO fadfa to FTF Fto FF> 3olF£U to FTd cjd? to4-to4 
tot fF to ctftod FTF F# ddT I eft Rmt % Ft toiRto to 
jj^dT ?FF 4 FF Fddd Fdto fF dte faFT fto dH 4 Tfttot Ffa to 
feR Ft tdfaFt to ddTd Ftot t, 3^7 dF FTF F^d 4t4-7t f^Hf^HI-MI I 
m Fto 4 Fpft 4 3ft7 W ftdTFT I FTF tor 4vft Tt FFFdt dFT 
cT2TT 3fT7 dfto fd^Tt 3t ftol^ faF 1 tot WI FFF cpTTT Ftd W, 
“3TTOTT, FF FF> ddFFTd todT ftodT t, ctftod dto ddFFTd-dTP’ 
(fto 5)1 

fard dT?T to dm f>t 4 % fto ffW tjt> ton ft, ff ddto dr 
4, tor 3 totF dr tft ft fto to 3 tf tr to# dtonr to 
tofft fR3i ctftoF ff dFto toy Rdto to fti % ftt 3 xj3t ftf ^fF 

FF 4 I to 77Tto7 Tt 3ft7 W ct 3TTFT 3ft7 to tot 4 FTdd7 
tofKTT TFT, 3ft7 4 totdd nto 7# % fd^ct 3ft7 #7 ^4 to Ft 7# 
st I ^Ef Tnm RTF dRRj Rd FF tor TRJR Ft W, 3ft7 tot4 ^7f4 
FFFT FTddT RR F>7 fto I to FF tor 7F FFd4 dFT! vftTFTT 
toTFdtot, fcttocT dlcjiyi) 3ft7 ‘dT^ tot’ F>t RFFTt 4fF, Fto 

tor % tot tot §FdT ton fan, to ftfr-tf ^4t f4 tf ff, to 

to FF^ 7F Fd (FF totF - anode- 7t ftod4 FTdT FTFto 2n dt 


to-4t4 cleft 4 to FFT - to 6) I 3TFcft ^FF Fto 4to F?t deft 4 

totoijft ftf d4t tot toto ott todT^dT tfr tot an, to totF 

FdF>t <|ft dTF Fd FFd FT | 

dddm (cathode) F7 ^dfdt % TFT 4 FltotdF to RFd tot t 
(Frrto nto drr% ffr detot ^ ditto to tort dr4 ft to Fito 
to’ to dTFTd ^ ^4) to tod dTFd to to t (ttoFF totoFTTd 

to Tt 4 toto 4 FFcT di4 t) I ff ton tor tom totF % to 
Fmngto % to % nto 4 to nto % fftf tot 1 1 

FFTm to 3TTto 

Fto FF toto % to f^ FFdTT FF> TMt to 4 dfcT FddT t, F^ 
toFtd (^JdT-f^F) %F7T FFTFT I d7T% FTF, FF4 FFT FFFd f 4 M7el 
to 4 ^FtFd to to ^IF>7, to F^h FTTFTTft F^ f 4 dTF tonid 
Fd%, dTT FT FF> ddeft H'lRFrtt F^ dd4t to tot I fF5 Fmt 4 
to FdFd 4 to to to Fd% dTdFTFT to f 4 FT FF> dtFFrft F>t to 

toFT tot, ton to totot 4 tot-Fdtt fton fftf to Fto % fto 

toFT dldT 1 1 Fto (RTdT dto4 FTcft) ^e^PlPlRd F?f Fd^d ^ F^ 
toT-TF dFTFT to 7 FFT fto^to (electroscope) FFTFT, drto FFT 

toto f 4 dnt dR ^ to ff> ^f> ft tonFd to fft 4tor 4 

dFFdFT I tor dF FF tot ^ TF^t to Fdtt to dd Fto FTd dTF 
to ff 4 kic^PtP i FH to Ftot to dto to ^ddr toto fF ton grtot 



tod 5: FcFT defRFTd 



tod 6: dTto Flit 
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3 ppjcff & frfFxf : WWt # /c/V W 


<b mi Mm 


fttfte cf5t fttent ft Pi4>|e) nn M cf>T ^tenicT mte ^ (ftt ftt RTfttn 
tef? c}5t RJ5T aft) FF fftrten 3TTftftt (static charges) ft? te ft mmft 

nm?r te?i ftft m# te ml n*r> te nR ^cbedi nrn?mr terft ft 

Rl'Sft ft TTcf?-^f^ ft ^R Fdft FR Rxtgi4 fftn - ftt RmH snftftt mT 

ftcfrfo r nten ft 1 nm ten nm ten <^te ‘n teft nn’ tet ft? ter 
aiicfrffia fRu cfzfrte ff frt fr anftftt ftr ten mRm ft i Fnk fto ftt 
Iter nn tefl ft? ter 3nrnfftn Ftft ft 3te FRrten ft tet wft tek ft 
tenm mte t, ter fft? Fn mt# fftmTer nm# nr aiicuten mr nn Ft I 

Stem v^teT^rteTH 

i 

Fftt ter, Fn 3pn tent ftt ate m? nn ft I Fnft term, ter, ^ mm 
•Rrter ftt tefftnt ft rr! nn Fjmj nrnfter fftn, te nn? nR nn? ntef 
f^Mcb eft mt Tjcf> te ft? term ft mn n?R ten I nm w ftft ten ft 
3TRTT ftt ‘tfttftndR’ Fmellft ft, ate dte fftRITnT % tRh '5^t 
it? tent ftt Fm ft ate fte tfttmteR ftt frf nnft? teft-teft 
ter 3rr% cm ^?n teHT ftnfnm ten ti nm ^rrt ph qsvJ 
(ftemn nter ft teten arft ‘wr ten’ ten t) nm mT nm w^R 
ten ft anm ftt mft fr tete fr men# ft mn nft Ft vnmi 1 1 ^nnf 
(rtf 3ns nm) ft *j#r ftemm fft nm wrt ter ft nft ft nn? nftt 
fttwR, ndt ate tet ft ten tent ter rrt fr fr n?R, ftft nrnnm 

^d^cfl eHini vriicll # I 

«|rq| ft ■iylRlI 3 ftR ftsIH 

midftif R w# te ter ter te mfte te^m te n^R te ^ ^ 
wi te T3 ten tef te fte ^cte ter te nm te ^ te ^ 
ten I ^ n? mw tern snm m fte ^ ftern nte te nn ^r ter nte 
% ^5 FF^sfr nn wte mte nn nnm tern i *r nF fte te 
sprmRT ammTRT ftenmtet te nmni te n^ wnten nte ^ 
^rte aT, *rte ter nRwrn ^em-ncTF te ^3FR-tete ft n# l sm te 
tern f te nFRjn ten t fte te ftete tern nte m fte te 
tern tergmr teter ftete nte te mRn ^r ^d<ni nterm 
vtft % ter nte te ter ‘nte ten’ n tetter ^tente tesn# 
ter tl 


w te 3rteR-^ wn tenten te 1 1 FTcnrte ^ atet «i!?im 
n>t n# mRcbiRnl mt tenten mmTtet ^r tef mn Rnte, f? ct«r i|) 
^te 3 twt ter-nte nte % fte arm^nm aten te # I ^ mf^n> 

tete ^ (laterally) ter Wei t afR tet #n ^Fmn ter <w>rt 

# I # ternn te ^rnteter te f te n nt aRnmcn ^ F?rm te 

te n #T Fte Fte 1 1 # tefr ml mte fn ’ft tek mT mm nn'ft 

^Rn nmcl # ate amen eftetner mnn vjft Rnte # j # ?Rnft% ftei 

mte #, te Fjft crf ten tern tefr mr tet ?rf tesmte # teft 
^ teft #, npft ft vidftj mft ft Rn ^>w mrnft Ft i 'jnft’ ^n ft ftft fty 
ft ftftt mw tef teft, ftete rnmn ft ftem ate mten nm 
mT nctermn ^ ^mft f, ten te nmr <gm ft tern I 

mftt-mftt nte ei^rnn ^ten Rn ft ftfttnr ftteftm ntemmaff mr nm 
mte t, 3te ten mftt-mftt tern ft ftt ft mnn 1 1 f*t mRR ft ftten 
| te mn fftwn ftt men nft ?rf ftt^m nrfte rft ter ftf^nm 
mte nft aten nft mnft ft, ftfftm nF vrtet nftf ft te *mr’ fr fr 

nm tern fT i nF nft ftt nm n# nnm m n# mrsm ft, nnr ameftmn 
m fteft nftemn mt ^te mRmt ft tern? te Rmte nn arem-m 
mnkm ftti 

am 3mftt ijer armR-m^di nR ftt rt% Ft?n ft I ftt Rrm?n ft te 

fftwn ft? fft^m mT term mte nft mteftm ntem (arter ter mte) 
ft? Rnn ^ten rft ft aieite mnft nft nft# vrrf ftt n Ft I nm frf 

ft, nte ft nFft ft ftt nm ftnfftm ftteftmen fttftt ft, ate te n 

# 

h 6 fn nrnr ate n tetmR mR qmr rnmn ft rnmn teft ^t Riwn 
fttftt ft I nRaRTeT, ^nft? mftt-mftt ftntnnm ate mftt mm^rmR ten nn 
mnfttn ft? mi 4 ftkift ft? nn amrR nnemr mte ft l Fft nte ate 
nmftt ftteftm amdraft mt gn? Rmte ^n tanft? te amft f?m mte 
mft ter mt tete te vRRd ft, ate FRtet mnm dte ftfttnftt ft ftft 
ate dnft? 'Sften mt rrtf nmft ft? ten Rpr amft nn nft Rpnr RRift 
te vRRer ftt tftFTPr nft man ft tearmt nan tet ft? te nm rrt ftmn 
ftterft mt ftteftm fterm % ter arfftm pit ate tet ft? ten term 
^rate mn RrmdT ft I 
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3ppTcjf & cfrfFU: W^ft cfi fcP? ^ V/Vxi 


^frfcRTT sfR 3imT 


RraqR R fR? Tpr qR fRqfRq w R ^jq qqR qq Rt 

vRRR qqTq ^cTT t, *[Ft ^fTRT 1 1 vJTR R, ?TFR qTFcftq 
^HN H cpl^l R cZJcRTRT qR <^|cKi||i(cb 3RTWRTT (3T^T fRRt <*>H % 

cfTTO q FtR) qq ?fRcT qiqR f?, qR M ^TvR R RFcTT 1 1 ^ef % 
fRtfqR qR cFTRTR Rt^ct qFR qq ^TcTTcRR f^cHHI qcfa FtcTT t qRtfR 
qqR RRq? fc^cfjRf 3ft? cflf^ch fcTcRRT R 3fRR e|§d Rf q^T FtR R I 

qF gTKT qRt TTPT^ f fR fctFTFT qR qjiRt fR$TT R ^llfdR 1 1 MK^lR^ 
<^RqRu, fc| 5 iH Rt qsR R RR fRjq R qq R 4<Sdl f? Rt cit'd cRzft 
q? 3mTTf^cT FtcTT t, 3ft? F^ qsqf qq qR$qq EfT qqqq vdMdVl 
q>?R cf§t «lld eft wllR 1 ^, vi'dR qF RldR qR Rt Rl^ q^iNdl d^l FtcR 
fR qFc^-WR FR q^Rt «Pt fRq cT?F RFTT W I fctFTPT cjft <^TT3R R 
4s1lPl<q qigfct ?q> 3HT2J qR cT?F wt'F Rt q^ ^K u ll FtcR R 1 dFI ctq> 
fR qfctfRfRstmTfRr %th Rt qq^ FtcR t qqtfR FR dORRM 
qR ferf^cT qftaTT3ft Rt fctFTPT Rt Wl R RRRT? RtqR ?fR Rt yRReT 

FtcR 1 1 

RRt <q|cH dtvjjqi nRRRfct R, ?FHq 1? fR epe^ '(-cJd lR fR $'dtl e[TF? 
Ptchd^t qq qiR %R R qqq ^? ?t%, cmff % f^ rtctT q? cetr 
^ E^t tETT? Ft I 


ctenu an^an^Rft, ^ »ftf^ra5t % (■hrt^ fti«q cbwfoq ^r) f^er^ 1 1 

anish@physics.iisc.ernet.in q? ?nq^> f^jqT qchdl % I 3T^t 3T^qiq 'Wc^'S 
^RT^t ^ f?&qT %\ 



308 



3TM % ^t? ^ qR FR fasTR 3ft? flTSTT f eft FR ^T 

^fRef £ TT? u TT3ft cRf? ^IRid q# ?F frldck ?T^ ^ ?ft^rt q5t STReT 
1 1 ?^RT fctFJT % Ml ^ EfF qfqT # fcf? f^5iH q? RcTeR 

^qq^Rt ?qqT q# qfc^ 3tcjdWd qRqT, 3Rtq ^?qr 3 ft? qqfp 3 rmR 
qq q^ddd Pt^4 q? qjqqi 1 1 q? ft§nq Mrt F^qr q? q^f ti 
WR f^FTH ^ F^Rt v^RT vRM t ^Rrt ^ qR ^ %n? qRqT, 
Rt^pq qqqT 3 ft? qqqft qfNqT; qq %qiqfr q qfeRt qft ^tRqj Rf 
qi-diRcPdl ^ vqTFT R v^KT qRk 3TT^ Ft I f^TR qq q?Tctq t vjq 
%FTRt tR qqeRT qT iM Ml Rq 4 qiq FTctldt 4 3Rm 3T^R? 
^ t rf^ 7 TTq q ^ Ft (ftretf qF Rrf^T t ^5 3ft? FTeTTeft ^ ^ 
qRqR ^ ?F qq^ t) i qt %tr 3ft? f^tR q5t f^t tfteFt 
qq qqqq t qF 'dl<sMi % Rqpft qt% ^tFR 3ft? qq ^ g - q I df q5t 
qfrq qR, qqfq 3ft?qFR%RMr, qqR fMft qFqfcr qq> M qjR ; 
3ft? Fq qR ^ fetq qRRtq> qq R ctqT? Rfeqq^q^ dMchl^ 
qt qpqt 3TT? qt vRRq q? Fq qFqfct qft qqq cf I 

Fq qF qq qR?T RRq qq^ t, Fq^ qR 3 qR ^gFrrq frR 

3TT^ 1 1 RR, qqreq R qqdR fcpqRt cR q^Fpft fR %TR RRs 
Rtc^r R qqjcft 1 1 Fq q^FFft R fR 3 rqR R qq R 3 pq? q^-Rj 

^qTR qFqR R 3nR rRRi fR qR qRqi % steftq R %n?qR • 

R 6hR RR q^ 't&Mid Rt f3q frR R | qF RRqR 3tqR fRqRt i 
R FqR qq qq ?rqRq ?TTqq Feqq FtR ctR I qq FH ffRqT R qR R 
qq R qR %frR 3fR fRqRf qR Rt qmR qnq sfR ^?Rt R ?q; 
q? qq f qR I 3 ft?, fRinq R 5 R 16 K 1 qR RqRt R, Fq 3?qR fRqr 
qwR, cqTqR, qqqR qq RtdRid! 3qR qqiR qRl Fq qFF q 
torq q R qqR sq^q^ qR qqR R qqRqq Rf?r fRR fRqR ■ 
qfPTcR qRfRRt qR qqFtR qR qqqr fR qR qteft qR RRq cRtR ? 


q^qiqT dldl R qt fR? qq qtcR qR Rqqr fR^ qj?R R fRq Tyf^fR^- cf 
qRtq q>?qiq qR ti 
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3Fpmf cfxJFxT: e{Wf ft /ft? W 


^rfcf^r wc $ r ftt ftinfftF? fftFift % fft f? if Fft F?Frft ft ??fft ftft ft> foF 
ftfoT F??ft FTeTT ftfftF? c||dM?F ftft FFFTT FT Well t? Vllft< t fft? 
irft XTcjj F? MF?K % R 5 IH cRsFT Fft vilcFlftd F»HI 6l J ll 3ft? vJtlft> ?TTF 
FiRT F??ft FTeft MRlRlf^TT 3ft? 4 R 4l ^1 *11 F»lft F?T Plft u l F??FT sl J 1 1 I 
FTFftt F Tjftftt ftt ftW FT FF? Ftt ftfftF? FTfteT FFlftt t 1 F? FFT^FF 
6^4 cfJt v^gq^ofm F?T ?F?TTF fftefift ft felF F?Tftt t? ftTF % 
fcpcTR ft vkFIFF) WT, ftcT, F?RT 3ft? F^JFRT F 3TTF-FFtF % 3<<ft ft 

^t?i w 1 ^ Ftft ft erect fttfcTF? sft? FTFTfftF? FTftt f?t st^ff ftft t sft? 
FFft FF ft Relief 3 ft? f 4 511*11^ FF^T elftl >! 6 cfl t 1 3 TFft feTF ^TT^F? 
f Fft >h ci 1 efi sfR fftFTft % ?FFft ft fj<f ft ftdift ft 

^fcr^RT ft FJFFT FFft feTF ?TFF FtcTT tl vTTft? t fft fftF cRF F*ft 

3TFft fttfftF? F >HlHlRS Fcf> 3TfFF ft ?TFTftt ft ftft, M ?>fft ft 
FF 3P|ft 3TFFRFT3TT 3ft? mRfTFT 3TT ft Ftt ftft fftFF?T FFFtF fft 51 1 *1 
% f^^ q ^ ft jJRT fftFT FTFT tl FfeF? F?TF, fteT, F?RT 3ft? dl^lfftcF 
Vi^l? ft ft FTF ftFR 3ft? fftFTTF ft ^fcISl'H Fft cfSlftl F?T hRfF wft 
iftftFT ft yFTFT 3R& ftsTTfftF? FFft ft feT? ftFR Ft ?TF?ft 1 1 f§TSTT Fftd 
cFT FF Fft fftsTFT fftFT Fft FFftt ?TtF ftt 3ft? sftftcfj -*IS?I FFFt ft FFF 
F??FT tl Fft fftsHFT fftf^TI ft^ ^TR 3TFTF- WF ?FfttfftcT cf^ft 
eftt cRTFT ?^eft efft ?Fjftt cf>Tft 3RTTeft ^ WRRR eft RTT^T ^*ftlRFT 

cRFTT FlRW I 

FTef ft fete ftfS^?^^ MRftl^^fT ft fftsTFT, ^FeTT 3ft? ^ 
Tjft^ft cFT ftteT vicimi t (ftRHft^ mR u IH ^|cT ^ 3 c?TTFWF 1 1 3R ‘?ft’ 
^TTW ^TF MRftl^d l cFt3 ft?ft?ftft^fttcfttFF?tttl 3FFft<FTft 
eftcbdiRle F fft^TTeFTf ft> 31FftteFT ft ?T^FT cT ftRFF 41 cH ft^t %<<& 
^R elft Fft MR4l'JHT3ft eftt 41<aft ft> ft>^< ft eTTft eftt <f 1 Rri Ft 1 1 FRcT 
ft ^dftl j 3TRftt ft> 2005 ft> XFRftFF % FFcT RI 51 M f^RTT 3ft? 

1 ftr«TT ft ^5% ^ift ft mR^ 3ft? ?rgFFT ft FFlft F? vft? fftFT 
f | f^^-cid l ^cF teRIRF ft fftWFT t feP W fftftF cRF Ft fftFFF?g 
ft> F^JcF F? ?TFTeT vJcJIFT vRift ft FF 3RTFFTcTT Fft FFTft ft 

F5?ftt 1 1 ?TFRT ft 'HHIFeTT 3ft? efFFcfF Fft FF?T FRft ft? feT? F?t eftft 
ft? WF Fft F^ft Fft F?ftft?T 3ft? fftTSTT ft wftF WT FtFT I 3JRT fftT^TT 
cFT ftxiei 5 TFT Ft FF? fftftF fftfft Fft F^F FT 2 ! ft ^?ft FRT eFF 

FfFlft ft Ftf ftl FfeF? teTCT F?T ?FFRI FF FFT ft ftl ft fft? ?TFM ft 
elWdiR FF ?RFftf Fft FFTFT FTT ?FT ft FT WFT 'FT ?FT ftl 
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foty?4 


eiWai4lFRU| ft? FFFf ft ?^eT ^fftF?T FF ?F ft FFFFft 'FT ?tt 1 1 
^eft Fft FTTF FTFT F??ft ft? efFFFT%F F^FTF cRF ft^FFT vRnftt t 
^ft ?TF tt ftRlft t, fftRfft fftfW ftt FTTffteT t 3ft? ?fftt d?F ft? 
MRcllft ft 3TTF fft?TTftt fttl 

ft ?TTft FTft FfF 3TTFft 3ft? FT^RfF? W FFftt t, F? FFTeT FF ft fft? 
3TM ft FFF ft (FT F?ftt ftt) ft cZTIFFTRf? t FT Ft! I FFft 3TeTF-3TeTF 
^FFT ft fF 3TTgfftF? ftf^TF? FFtftf F? FvR FTeft t FTfft? FF F?T 
3TFF ?TFTeT F? vlftlft 3T^FF ft ftl<g4 fF fftFR FR ?lft? I 1947 ft? FTF 
FRF ft FFFFT FTftt Fft ft?FT ft fftF?fftcT Ft FTeftF 3ft? 1917 Fft F^lRl 
ft FTF fttfftFF ?RT ft 3jiyi «imi FFT FF 3 TTFTRf Fl fetefiftcfr Fl dFF?H 
Fft FF fft^Tft t fft? fft d 1 41 511*1 ft Fft 'FTF?? fftTSTT F?T 3TTFRTF ft?ft Ff 
FWT tl ^Fft F?F? ft FF ftt fftwft t fft? STT^fftF? ?T^-?RF 3ft? 
STftFFW ft FFTFT Fft ?FFTeTFT fft cl *11 fft cue Ft ?tf?FT 1 1 FF fft F I Fd 
vRftt t fft? FF fftraTT F? FF?T?TcFF? 3RR FTefft FTeft ^I H l fftF? FTF?cff 
Fft FHs) 3ft? eiWaiRicr> cFFW Fft FF?T F??ft ft? F§T ft FFft? vfFlft I 

FF?FTeT, FFTF FTFT3# ft FTF^F Tpf fft^TF? 3TFft FTFft ft F^ft ft fcT? 
3ft? F^ft ft ?TTF FfF 'g^F? F?TF c^?ft f | ifift Ftf, ft 3TFft 3TfFFt F? 

^ 5! ^ ^ FFFft 7|F^?ftf Fft ^?Rf ft FTF ftfeft F?T FFTF F??ft 

1 1 ftft fft^ ld^el , FFfFSfteT 3fR FcFltl fftSTFft ftt FFZJT FeT tt F?F 
F Ft, FFft eft3F ftt FTFTF ft?TF? FfF F?F eTFcft 1 1 FF fft?FTF ft fft? 
FFTF?F Ftt ft t, F? ft ftft ftftfF? ft^F Fft 3TFR 3ft? fftfftF ?FFIFFT3ft 
ftt ftF F??ft 1 1 ^FTF, fftFTF 3ft? 3Tfftc2jfftr ftt ftftt ?FFTFFTF Fftt 
ftlFTFft F FWf Fft fft el ftl FTfft? | FTF tt FF? fft?F F? ft? F? FFtftt F 
fftFTft ft F^ Ftft ft? 3TFF? ftt fft^ft FTfftr| 

fftRTT ft? ?FFF ft ffftFTftt FFeTTF FFFF fftlFFft Fft FftfftlF ft tt 3TT 
» tl FTFFF?F 3ft? FTFFFTFftt F?T f ftftddlcFF? fft?ftFF FFft? tt 
FTFt RTRfFRTT F FF?FT tl F? fftFTftt ft? 3TfFF F FF^FfcT ft? FTF 
?fFF F??ft f? FFft? ftfeft Fft 3TTft ft FTFT ftt ftft fftTSTFft ft? fftftF? 3ft? 
FFFft FFeT ft tt TW? Ft FF?cTT 1 1 Fdft? fft? fftaTFft ft fftF Flddd l 
3fft 3TTcFfft?FTF F?T fftF?TF FtFT Flft? FF FFT?TF 3fR fftT5TF?-fft§TT Fft 
FctFTF c 2TF?FT ?FHF Ftt FFTcft I FF fttftt FFt ft Ff3TTFTftt FFFTF 
ell*) ftt FRRcT 1 1 
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